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(57) ABSTRACT

A medical implant that delivers therapeutic via microtubes
and a method of making the same 1s provided. In one
embodiment a biologically implantable structure adapted to
fit within the body of a patient 1s provided. This structure
may have a plurality of individual microtubes 1n physical
communication with its outer surface, the microtubes con-
taining or carrying a therapeutic. In an alternative embodi-
ment a method of manufacturing an implantable medical
appliance 1s provided. This method includes placing a pliant
stratum ol microtubes onto a biologically implantable medi-
cal structure and then applying a therapeutic to the pliant
stratum to cover or fill the microtubes.
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MICROTUBES FOR THERAPEUTIC
DELIVERY

TECHNICAL FIELD

The present invention regards the delivery of therapeutic
to a target site. More specifically, the present invention
regards the use of therapeutic laden microtubes, implanted
near or at a target site, to deliver therapeutic to a target site
ol a patient.

BACKGROUND

The delivery of therapeutic to a target site 1s an oft-
repeated procedure in the practice of contemporary medi-
cine. Therapeutic may be delivered to a target site through
direct injection as well as through implants that somehow
carry the therapeutic. Implants that are used to deliver
therapeutic may serve several purposes including reinforc-
ing fatigued lumens and bridging ruptured vessels. In each
ol these cases the therapeutic being delivered may not only
facilitate the short term healing associated with the intro-
duction of the implant, but may, also, provide long term
delivery of therapeutic to the surrounding areas.

One example of an implant 1s an expandable stent.
Expandable stents are tube-like medical implants designed
to support the inner walls of a patient’s lumen. They can be
self-expanding or, alternatively, may require external forces
to expand them. In either case they are often deployed
through the use of a catheter of some kind.

Because of the direct contact of the stent with the inner
walls of the lumen, stents have been coated with various
compounds and therapeutics to enhance their eflectiveness.
When this coating 1s haphazardly applied or has somehow
been removed during the stent’s manufacture or delivery the
stent’s eflectiveness can be compromised because a uniform
dosage of therapeutic from the coating of the stent to its
surroundings may not be plausible.

SUMMARY OF THE INVENTION

A medical implant that delivers therapeutic via micro-
tubes and a method of making the same i1s provided. In one
embodiment a biologically implantable structure adapted to
fit within the body of a patient 1s provided. This structure
may have a plurality of individual microtubes in physical
communication with 1ts outer surface, the microtubes con-
taining or carrying a therapeutic.

In an alternative embodiment a method of manufacturing
an 1mplantable medical appliance i1s provided. This method
includes placing a pliant stratum of microtubes onto a
biologically implantable medical structure and then apply-
ing a therapeutic to the pliant stratum to cover or fill the
microtubes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an enlarged cross-sectional view of five micro-
tubes as may be employed 1n the present invention.

FIG. 2 1s an enlarged perspective view of a pliant stratum
of microtubes covered 1n and containing a therapeutic 1n
accord with an embodiment of the present invention.

FIG. 3 1s a side view of a stent covered with a pliant
stratum of microtubes, the Figure having an enlarged portion
to highlight the microtubes attached to the stent, all 1n accord
with another embodiment of the present invention.
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FIG. 4 1s an enlarged cross-sectional view taken along line
III—III of FIG. 3.

FIG. 5 15s a view of a system for applying a therapeutic to
cover and {11l microtubes dispersed over stent 1n accord with
another embodiment of the present invention.

FIG. 6 1s a view of system for applying a therapeutic to
cover and fill the microtubes dispersed over a stent 1n accord
with another embodiment of the present invention.

FIG. 7 1s an enlarged view of microtubes dispersed 1n a
polymer matrix as may be used to coat an implantable
medical implant 1 accord with another embodiment of the
present 1nvention.

FIG. 8 1s an enlarged view of abraded microtubes dis-
persed 1n a polymer matrix as may be used to coat a medical
implant 1n accord with another embodiment of the present
invention.

FIG. 9 1s a cross-sectional view of a pliant layer of
microtubes used to form a medical implant 1 accord with
another embodiment of the present invention.

FIG. 10 1s a cross-sectional view of a pliant layer of
microtubes used as a medical implant in accord with another
embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 1 provides an illustration of an enlarged cross-
sectional view of several different microtubes as may be
used 1n various embodiments of the present invention. As
can be seen 1n FIG. 1, microtubes may be sized to be smaller
than a human hair, being a few tens of microns in diameter,
and may be constructed with various cross-sectional con-
figurations, including U-, Y-, star-, and oval-shaped cross-
sections. The microtubes may be hollow closed vessels,
sleeves having one or more open ends, and solid structures.
The microtubes 1 FIG. 1 are 1llustrated as being hollow with
at least one open end. The microtubes may be made from a
number ol materials including metals, ceramics, and hard
carbon. One advantage of employing microtubes 1n accord
with the present invention 1s the increased surface area
associated with their use.

FIG. 2 provides an enlarged view of a pliant stratum 20 of
microtubes 21 having a therapeutic 25 coating both the inner
26 and outer 22 surfaces of microtubes 21. In this embodi-
ment, the microtubes 21 have a circular cross-section
although they may also have any other desired cross-section,
including those shown m FIG. 1. The microtubes 21 are
enmeshed with each other so that they form a pliant stratum
20. This phant stratum 20 may behave as a felt-like mat
being pliable and moldable. The microtubes 21 may be
positioned randomly with respect to each other in this
embodiment as illustrated FIG. 2. Alternatively, they may be
arranged 1n some sort of pattern to create the pliant stratum
20. In either situation, 1t 1s preferable that the microtubes be
enmeshed such that they interact with and support one
another so as to substantially behave as a single structure or
unit.

The therapeutic 25 may be applied to the microtubes 21
by soaking the microtubes until the therapeutic 25 coats or
infiltrates the microtubes 21. The microtubes 21 may be
positioned next to each other 1n a such a manner as to create
voids or spaces between them. These voids or spaces may be
filled with therapeutic by dipping the stratum of microtubes
21 1n a therapeutic and allowing the therapeutic to wick up
into and around the microtubes 21.

FIG. 3 1s a side view of a stent 30 covered with microtubes
33 as may be employed 1n an alternative embodiment of the
present invention. The enlarged portion 31 of FIG. 3 illus-
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trates the junction point of two struts 35 of the stent 30 that
have been covered with microtubes 33. As can be seen in
FIG. 3 the microtubes 33 may completely cover the struts 35
of the stent 30 and may also extend out past the struts 33 as
indicated by numeral 34. By completely covering the struts
35 therapeutic carried by the microtubes 33 may be more
uniformly released to a target site 1n the body.

When the implant 1s expandable or otherwise reconfig-
urable, 1t 1s preferable to secure the pliant stratum to points
on the implant that will detlect or move the least during the
implant’s reconfiguration. By securing the stratum to these
mimmal deflection points the magnitude of the forces that
will be placed on the stratum during the implants reconfigu-
ration may be reduced. By reducing the forces during
reconfiguration the likelihood that the stratum will be dis-
lodged, impaired or otherwise destroyed during reconfigu-
ration may be reduced. In the embodiment of FIG. 3 the
stratum may be secured to the struts 35 near the joints 32 to
reduce the forces that may be placed on the stratum by the
stent during the expansion of the stent 30.

FI1G. 4 15 an enlarged cross-sectional view taken along line
III—III of FIG. 3. In FIG. 3 the strut 335 has been completely
coated with a stratum of pliant microtubes 33. Although the
microtubes 33 are cylindrical in shape in this figure, they
could have numerous other shapes including those 1llus-
trated 1n FIG. 1. The microtubes 33 do not create a smooth
external surface in this embodiment but, rather, create a
rough profile dictated by the random orientation of the
microtubes 33 on the strut 35.

The microtubes 33 1n this embodiment may be attached to
stents or other appliances using various attachment methods.
One of these methods would include heating the microtubes
and the stent’s struts while they were in contact with each
other. Here, the molecules or atoms of the struts and the
microtubes may intermingled due to thermal agitation,
thereby diffusion bonding the microtubes to the struts.
Metallic microtubes may also be attached to the stent by
brazing with a biocompatible brazing material such as gold.
Alternatively, the microtubes may be mixed 1nto an electro-
lytic plating material, such as gold, that may then be used to
surface plate the stent. Laser or resistance welding may also
be used to ailix the phant stratum to the implant. One
advantage of laser welding 1s that it may allow for pinpoint
securement of the stratum to the implant. Microtubes may
also be attached to the implant using a pressurized thermal
bonding process or polymer adhesive.

In another embodiment, rather than creating a pliant
stratum and then applying 1t to an implant, the microtubes
may simply be sprayed directly onto the implant or the
implant may be dipped into a vat of polymer or other coating
that contains the microtubes.

FIG. 5 shows a system 50 that may be used to coat a stent
51 with therapeutic laden microtubes 33 in accord with
alternative embodiment of the present invention. This sys-
tem 50 may employ a reservoir 33, a line 34, and a nozzle
52 1n fluid communication with the reservoir 535 via the line
54. In this embodiment a therapeutic 53, or a mixture of
microtubes and polymer adhesive, may be held in the
reservoir 55, and may be sprayed at the workpiece 51 in
order to coat the workpiece 51. Polymer adhesives suitable
for such coatings include silicones, (e.g. polysiloxanes and
subsitutes polysiloxanes), polyurethanes (including polycar-
bonate urethanes), thermoplastic elastomers in general, eth-
ylene vinyl acetate copolymers, polyolefin elastomers, eth-
ylene-propylene terpolymer rubbers, polyamide elastomers,
polyolefin elastomers, and combinations thereof. If the
workpiece had been previously coated with microtubes, a
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therapeutic based mixture may be stored and sprayed at the
workpiece 51. Conversely, 11 the workpiece had not been
previously treated, a mixture of microtubes and therapeutic
may be sprayed at the workpiece 51.

FIG. 6 shows a process of soaking a stent 63 previously
coated with microtubes 1n accord with another alternative
embodiment of the present invention. The coating process 1n
this embodiment may be performed in a vacuum chamber 64
to facilitate the process and improve the wicking of the
therapeutic into and around the microtubes already present
on the stent 63. The vacuum force 1n this embodiment may
be generated by using a vacuum pump 65 attached to the
vacuum chamber 64 via a line 67 having a valve 66.

FIG. 7 provides an enlarged view of microtubes 72
surrounding or covering a surface of a workpiece 79. Here
the microtubes 72 are dispersed in a polymer matrix 74, such
as an epoxy, having a viscosity that prevents the matrix 74
from filling the microtubes. The polymer matrix 74 may also
include poly methyl methacrylate, poly methyl pentane, poly
cther ether ketone, liquud crystal polymers, polysuliones,
polyimides and other suitable “hard” polymers with similar
properties. The polymer matrix may be made from a single
polymer or a composite of polymers. The microtubes 72 in
this embodiment may provide additional structural support
to the polymer matrix due to their interaction. In this
embodiment the polymer matrix may harden to a substan-
tially smooth surface 70 with some microtubes being
exposed at the surface 70 after the matrix 74 has cured.

FIG. 8 provides an enlarged side view of abraded micro-
tubes 82 dispersed 1n a high viscosity polymer matrix 84 in
accord with another alternative embodiment of the present
invention. The microtubes 82, 1s this embodiment, may be
placed in a polymer before it 1s hardened. The surface 80 of
the polymer may be abraded (as shown 1n FIG. 8) to uncover
the open ends of the microtubes exposed at the surface 80 of
the polymer matrix. Uncovering the ends of the microtubes
through an abrasion process enables the microtubes to more
cllectively draw therapeutic into their internal lumens. In
this embodiment, the microtubes provide additional struc-
tural support to the polymer matrix as well as facilitate the
delivery of the therapeutic to a target site. Generally longer
microtubes are desired 1n this embodiment.

FIG. 9 provides a cross-sectional cutaway view of micro-
tubes 92 dispersed 1n a high viscosity polymer matrix 93.
Here the polymer matrix has been formed like a medical
implant 94 such as a graft. In this embodiment, the micro-
tubes 92, have a circular cross-section and are formed 1n the
shape of a medical implant rather than being sprayed, dipped
or otherwise applied to an 1mplant as described above.

FIG. 10 provides a side view of a pliant stratum 104 of
microtubes 102 in accord with another embodiment of the
present mvention. In this embodiment, the pliant stratum
104 may be formed like a medical implant, such as an
embolic agent 100 which {ills an aneurism 1n an artery 101,
and may be placed at the target site to deliver therapeutic to
the target site. In other words, rather than providing the
structural support of the stents described above, the present
implant 104 simply delivers therapeutic to the target site
without providing any additional structural benefits.

The microtubes 102 1n this embodiment may be enmeshed
with each other and sintered together to form a structural
member such as a pliant stratum 104. The therapeutic 1035
may be applied to the microtubes 102 by soaking or any
other eflective method. Once prepared, this implant may be
inserted into the artery or other target site of the body for the
short or long term delivery of therapeutic to the target site.
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The medical implant described above may be any one of
numerous medical implants including expandable stents,
stent grafts, peripherally-inserted central catheters, (PICCs),
arterioventricular shunts (a-v shunts), angio-catheters,
embolic agents, vena cava filters, aneurism coils, implant-
able prostheses, and implantable fasteners. These implants,
as well as others, may be carried to a target site within the
body by a medical device and then deployed in order to
provide medical relief or repair to the targeted site. They
may also be deployed through more 1mvasive procedures.

The implant 1n each of the above embodiments may also
contain a tracer chemical to assist the practitioner position-
ing or otherwise deploying the implant. For example, when
a tracer 1s employed an 1maging system may be used to track
the progress and position of a stent as it 1s snaked through
a lumen 1n the body en route to reaching the target site.

The therapeutic can include pharmaceutically active com-
pounds, nucleic acids with and without carrier vectors such
as lipids, compacting agents (such as histones), virus (such
as adenovirus, andenoassociated virus, retrovirus, lentivirus
and a-virus), polymers, hyaluronic acid, proteins, cells and
the like, with or without targeting sequences.

Examples of therapeutics used in conjunction with the
present invention include, pharmaceutically active com-
pounds, proteins, cells, oligonucleotides, ribozymes, anti-
sense oligonucleotides, DNA compacting agents, gene/vec-
tor systems (1.e., any vehicle that allows for the uptake and
expression of nucleic acids), nucleic acids (including, for
example, recombinant nucleic acids; naked DNA, cDNA,
RNA; genomic DNA, cDNA or RNA 1n a non-infectious
vector or 1n a viral vector and which further may have
attached peptide targeting sequences; antisense nucleic acid
(RNA or DNA); and DNA chimeras which include gene
sequences and encoding for ferry proteins such as membrane
translocating sequences (“MTS”) and herpes simplex
virus-1 (“VP227)), and viral, liposomes and cationic and
anmionic polymers and neutral polymers that are selected
from a number of types depending on the desired applica-
tion. Non-limiting examples of virus vectors or vectors
derived from viral sources include adenoviral vectors, her-
pes sumplex vectors, papilloma vectors, adeno-associated
vectors, retroviral vectors, and the like. Non-limiting
examples of biologically active solutes include anti-throm-
bogenic agents such as heparin, heparin derivatives, uroki-
nase, and PPACK (dextrophenylalanine proline arginine
chloromethylketone); antioxidants such as probucol and
retinoic acid; angiogenic and anti-angiogenic agents and
factors; agents blocking smooth muscle cell proliferation
such as rapamycin, angiopeptin, and monoclonal antibodies
capable of blocking smooth muscle cell proliferation; anti-
inflammatory agents such as dexamethasone, prednisolone,
corticosterone, budesonide, estrogen, sulfasalazine, acetyl
salicylic acid, and mesalamine; calctum entry blockers such
as verapamil, diltiazem and nifedipine; antineoplastic/anti-
proliferative/anti-mitotic agents such as paclitaxel, S-tluo-
rouracil,  methotrexate, @ doxorubicin, daunorubicin,
cyclosporine, cisplatin, vinbiastine, vincristine, epothilones,
endostatin, angiostatin and thymidine kinase imnhibitors; anti-
microbials such as triclosan, cephalosporins, aminoglyco-
sides, and mnitrofurantoin; anesthetic agents such as
lidocaine, bupivacaine, and ropivacaine; nitric oxide (NO)
donors such as linsidomine, molsidomine, L-arginine, NO-
protein adducts, NO-carbohydrate adducts, polymeric or
oligomeric NO adducts; anti-coagulants such as D-Phe-Pro-
Arg chioromethyl ketone, an RGD peptide-containing com-
pound, heparin, antithrombin compounds, platelet receptor
antagonists, anti-thrombin antibodies, anti-platelet receptor
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antibodies, enoxaparin, hirudin, Warfarin sodium, Dicuma-
rol, aspirin, prostaglandin ihibitors, platelet inhibitors and
tick antiplatelet factors; vascular cell growth promotors such
as growth factors, growth factor receptor antagonists, tran-
scriptional activators, and translational promotors; vascular
cell growth inhibitors such as growth factor inhibitors,
growth factor receptor antagonists, transcriptional repres-
sors, translational repressors, replication inhibitors, 1nhibi-
tory antibodies, antibodies directed against growth factors,
bitunctional molecules consisting of a growth factor and a
cytotoxin, bifunctional molecules consisting of an antibody
and a cytotoxin; cholesterol-lowering agents; vasodilating
agents; agents which interfere with endogeneus vascoactive
mechanisms; survival genes which protect against cell
death, such as anti-apoptotic Bcl-2 family factors and Akt
kinase; and combinations thereof. Cells can be of human
origin (autologous or allogenic) or from an animal source
(xenogeneic), genetically engineered 11 desired to deliver
proteins of interest at the injection site. The delivery medium
1s formulated as needed to maintain cell function and

viability. Any modifications are routinely made by one
skilled 1n the art.

Polynucleotide sequences usetful 1n practice of the mnven-
tion include DNA or RNA sequences having a therapeutic
ellect after being taken up by a cell. Examples of therapeutic
polynucleotides include anti-sense DNA and RNA; DNA
coding for an anti-sense RNA; or DNA coding for tRNA or
rRNA to replace defective or deficient endogenous mol-
ecules. The polynucleotides of the imnvention can also code
for therapeutic proteins or polypeptides. A polypeptide 1s
understood to be any translation product of a polynucleotide
regardless of size, and whether glycosylated or not. Thera-
peutic protemns and polypeptides include as a primary
example, those proteins or polypeptides that can compensate
for defective or deficient species 1n an animal, or those that
act through toxic eflects to limit or remove harmiul cells
from the body. In addition, the polypeptides or proteins that
can be injected, or whose DNA can be incorporated, include
without limitation, angiogenic factors and other molecules
competent to induce angiogenesis, i1ncluding acidic and
basic fibroblast growth factors, vascular endothelial growth
factor, hii-1, epidermal growth factor, transforming growth
factor a and 3, platelet-derived endothelial growth factor,
platelet-derived growth factor, tumor necrosis factor o,
hepatocyte growth factor and insulin like growth factor;
growth factors; cell cycle mhibitors including CDK inhibi-
tors; anti-restenosis agents, including pl3, pl6, pl8, pl9,
p21, p27, p53, p57, Rb, nFkB and E2F decoys, thymidine
kinase (“TK”) and combinations thereof and other agents
useiul for interfering with cell proliferation, including
agents for treating malignancies; and combinations thereof.
Still other usetul factors, which can be provided as polypep-
tides or as DNA encoding these polypeptides, include mono-
cyte chemoattractant protein (“MCP-17), and the family of
bone morphogenic proteins (“BMP’s”). The known proteins
include BMP-2, BMP-3, BMP-4, BMP-5, BMP-6 (Vgr-1),
BMP-7 (OP-1), BMP-8, BMP-9, BMP-10, BMP-11, BMP-
12, BMP-13, BMP-14, BMP-15, and BMP-16. Currently
preferred BMP’s are any of BMP-2, BMP-3, BMP-4, BMP-
5, BMP-6 and BMP-7. These dimeric proteins can be
provided as homodimers, heterodimers, or combinations
thereolf, alone or together with other molecules. Alterna-
tively or, in addition, molecules capable of inducing an
upstream or downstream etlect of a BMP can be provided.
Such molecules 1include any of the “hedgehog™ proteins, or
the DNAs encoding them.
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A medical implant that delivers therapeutic via micro-
tubes and a method of making the same 1s provided. The
above-described embodiments are illustrative examples of
the present invention. As will be evident to one of skill in the
art, modifications to these embodiments as well as entirely
new embodiments are plausible without departing from the
spirit and scope of the present invention.

What 1s claimed 1s:

1. A method of manufacturing a medical implant com-
prising:

supplying a plurality of microtubes;

interfacing a plhiant layer of microtubes with a biologically

implantable medical structure; and

applying a therapeutic to the pliant layer to cover a surface

of one or more of the microtubes.

2. The method of claim 1 wherein interfacing the plhant
layer of microtubes with a biologically implantable medical
structure further comprises:

enmeshing the microtubes together to form the pliant

layer; and

coupling the pliant layer onto a surface of the biologically

implantable medical structure.

3. The method of claim 2 wherein the method of coupling
the pliant layer to a surface of a biologically implantable
medical structure 1s one or more of diflusion bonding, metal
working, sintering, brazing, plating, electrolytically attach-
ing or welding.

4. The method of claim 1 wherein applying a therapeutic
to the pliant layer further comprises:

activating a vacuum force to draw therapeutic into and

among the microtubes forming the pliant layer.

5. The method of claim 1 wherein applying a therapeutic
to the plhant stratum further comprises:
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soaking the pliant layer of microtubes 1n a therapeutic.

6. The method of claim 1 wherein

the biologically implantable medical structure 1s expand-

able from a first configuration to a second configura-
tion.

7. The method of claim 1 wherein

the biologically implantable medical structure 1s chosen

from a group comprising;:

a PICC, an embolic agent, an aneurysm coil, a stent-gratft,

an a-v shunt, vena cava filter and an angio-catheter.

8. The method of claim 1 wherein

a polymer 1s used to enmesh the microtubes into a pliable

stratum.

9. The method of claim 1 wherein

an exterior surface of the pliable layer 1s abraded before

applying the therapeutic.

10. The method of claim 1 wherein the microtubes are
umiformly shaped.

11. The method of claim 2 wherein the pliant layer 1s
shaped as a sleeve.

12. The method of claim 1 wherein at least one of the
microtubes has an open end.

13. The method of claim 1 wherein at least one of the
microtubes defines a channel having a first opening and a
second opening.

14. The method of claim 1 wherein at least one of the
microtubes has a cross-sectional area that varies over a
longitudinal length of the microtube.

15. The method of claim 1 wherein at least one of the
microtubes 1s hollow.
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